The problem of the layout, in the most extensive meaning of the term, lies both in the choice of the location plan of the production sections and the auxiliary services inside the ground where the plant is built, as well as the location of the machinery and the work centres in each department, and, lastly, in the distribution of materials and labour. The present work takes into consideration a manufacturing firm of industrial vehicles, producing a wide range of products: trailers, semi-trailers, twowheeled chariots, isotherms, tipping lorries, special equipment and means for the transport of vehicles. The study focused essentially on 3 products, as they constitute the most part of the production. The individuation of the parameters to be checked was the most exacting phase, preceding the modelling. Afterwards, a type of simulation was set up, using a specific simulation software, so that it could reflect the real situation as much as possible. Then, four possible alternative shapes of layout were proposed. Of the four outlines, according to the output given by the simulation programme, we then determined the best solution to implement for the plant.
Introduction
The problem of the layout consists in the choice both of the planimetrical disposition of the production departments and the auxiliary services within the area where the plant is placed, as well as the location of the machines and the working centres inside each department, and, lastly, the distribution of materials and the labour. Here, methods and analysis of the problem of the layout will be faced, aiming at obtaining optimum solutions. In order to give a definition of "layout" it is possible to refer to the one given by the American Institute of Industrial Engineers: "the subject of the organization of the production is the production, the installation, the maintenance and the improvement of the systems integrated of men, machines and materials; using techniques and methods deriving from mathematical, physical and social sciences, besides the criteria of the economic analysis, it must define the purpose of such integrated systems, estimate in advance and control the results obtained". Since the problems concerning the layout are complex, the criteria that can be adopted to affect the analysis of the economical results are numerous and can be different according to the aims that the layout proposes. Therefore the choice of the optimum layout refers, each time, to the criterion of valuation chosen. For instance, one criterion might be the number of passages of the material during the working; then, the optimum layout will be the one that most reduces the number of such passages [1] ; [2] . Another criterion might be the total cost of the working in a certain department; then the optimum layout will be the one that reduces this cost. To apply the principle of optimization to a certain criterion of valuation does not mean to optimize other possible criteria [3] . There are several occasions that cause layout problems, such as: total or partial re-planning of the product; a new production; considerable variations in the demand; obsolescence of the existing equipment; excessive frequency of industrial accidents; unsatisfactory working atmosphere; market variations; needs to reduce costs. In particular, the artisan type production process is characterized by a high flow of materials and a nonoptimal layout [4] ; [5] . In the present paper we will analyze a real case study through the application of a simulation model using Simfactory tool. This paper is divided as follows: in section 2 there is the description of the methodological approach; in section 3 the case study is analyzed; in section 4 the methodology suggested for the optimization of the layout is presented. Lastly, in section 5 and 6 the results and conclusions are described.
The Methodological Approach: The Simulation
In a layout planning, as well as any other "product", one may face a series of various possibilities: some will annul each other; others, instead, will be interdependent. In order to effect the valuation of a layout plan, firstly it is necessary to state some valid criteria of judgement; this definition is, in fact, essential in any method of valuation [6] . A criterion of judgement constitutes an objective measure of the congruity between "how much one decides to obtain" and "how much one can really obtain". As regards the layout, a valid criteria of efficacy must consider two elements: the importance of the various aims to reach and the efficiency of the various layout alternatives [7] . The major problem concerning the aims is the difficulty to translate quality elements into quality terms; often the quality aims are psychological and social and this characteristic makes them difficult to quantify [8] ; [9] . As to the efficiency of a layout, we can say that it must be inherent in the layout itself, since it is not possible to accept an inefficient product. The chief techniques used to establish the planimetrical organization of the plant can be divided into two main groups: 1) Systematic techniques (spiral analysis, sequence required -in right line, sequence required -non directional, pilot plant, comparison of costs, valuation of production, valuation of the areas, analysis of factors, methods of notes, the pros and cons); 2) Optimum techniques (linear programming; the method of the level lines; simulation). The systematic techniques allow to choose the best layout among different alternatives, therefore they do not guarantee that the layout is the optimum one. On the contrary, the optimum techniques allow to distinguish the best possible layout having fixed certain conditions. In particular in the present paper we use the simulation technique [10] . The simulation is one of the techniques of the Operation Research (O.R.). We can state that also the simulation is subject to the rules of the scientific method that acts through the inductive-deductive method. The approach is based on the supposition that different building systems can be simulated by the same elements (stations, buffers, conveyers, resources, etc.). So the only thing to do is select the layout, the quantity and the parameters characterizing the various elements [11] ; [12] . In the present paper we simulate the optimization of a layout already existing that nevertheless needed changes for the increase in the demand and wastes, in terms of time and resource wasted by the present distribution of the equipment in the factory
The Case Study
This work was realized at an enterprise which produces equipment for industrial vehicles. At present, the company extends along a total surface of 43.368 square metres divided into three non-adjacent lots. The production is carried out in 6 premises extending for 966.470 square metres. Besides, there are more premises used for different purposes: warehouses, electrical cabins, compressor cabins, offices, etc. whose surfaces are not considered. The following activities take place: 1) carrying out of frames; 2) painting; 3) finishing; 4) transformations and repairing; 5) realization of isotherms, dumpers; 6) sandblasting. At first, it is necessary to analyze the whole products and production.
Description of the production line
The company produces equipment for industrial vehicles. the range of realizable products includes: trailers, semitrailers, shears, isotherms, tipping lorries, special equipment, means for transport of vehicles and transformations. The trailers and semitrailers can be equipped with two or three axles: besides, the semitrailers can be the "goose neck" type. The shears, on the contrary, have only two axles placed in the middle of their length. The difference among trailers, semitrailers and shears is due to the different system of coupler foreseen by the tractors realized by the respective builders. The isotherms are made up of thermal insulating panels, therefore they are used above all as cold stores. The (dumpers) tipping lorries are equipped with one or more cylinder-piston systems which let the moving surface lean backwards and sideways. Among special equipment there are particular frames for the transport of tanks, hanging clothes etc. Therefore they are made according to the customer's requirements. To the class of transformations belongs all the range of interventions which cause a substantial modification of the means of transport: the addition of the third axle to the tractor, the addition of towing brackets, etc. At present, the production system is scaled for the carrying out of 15-20 means a month; of these, about 13-14 consist of semitrailers. The production process is considerably differentiated according to the product to be produced: the phases shared by all the products are the manufacturing of the frame (in its turn differentiated, as shown later) and the painting. The first step of the process regards the preparation of raw materials; these consist of sheets and I-beams. The former are opportunely cut and bent so as to obtain structural shapes of various forms and sizes; the latter, on the contrary, are subjected to a sandblasting process. These materials are afterwards assembled by means of a jig in a different way according to the type of frame that must be manufactured (goose-neck or flat) and joined together by a first phase of welding.
A second step of welding follows, which provides for the assembling of a series of additional components. After the welding, the frames undergo a straightening operation in order to eliminate the deformations caused by the welding itself. Meanwhile, the groups of air and hydraulic plants are assembled (braking system by ABS) and the axles with the suspensions as well, which will be installed on the frame after its straightening. At this stage of the process, a ramification of the operations takes place. In fact, if the frame is assigned to the making of an isotherm, it is painted; otherwise, first of all the carline is made (that is the structure placed above the frame in order to support the tarpaulin), and only successively is the painting carried out. In the case of isotherms, it is necessary to see to the building of the special platform in insulating material (polystyrene with density of 65 kg/m3) and of lateral and superior panels. The assembling phase of the insulating components takes place after the painting phase. After the painting, the finishing takes place, which is a matter of adding optical devices, lateral protections, tyres etc, to the frame, and, in the case of a non-isotherm vehicle, the probable side boards and the tarpaulin. Now the vehicle is ready to be delivered to the customer if the test was positive. From the description of the process it is evident that the buildings used are the ones for: 1) frame manufacturing; 2) painting; 3) finishing; 4) manufacturing isotherms, dumpers and tipping lorries; 5) sandblasting. The building used for the transformations is excluded from the cycle. All the production process is handicraft, since there is no working cycle for all the products manufactured; for this reason the execution of the different operations is left to the worker's discretionary power; considering that for the workers there is the possibility, is necessary, of working also in other departments and in other operations, it is evident that the quality level of the products cannot have a fixed and constant standard. A considerable flow of material (raw and non) from one shed to the other with some returns was noted. Because of the distance between the various buildings this means a remarkable expenditure of time and costs. As to the cost, it cannot be quantified at present, because there are no recordings and measures.
4.
Methodology Approach for the Optimization of the Layout Our study regards the 3 products that form the most part of the production: therefore, evident is their substantial influence on the production cycle and the greatest problems of management of the flow of materials and available resources. The products chosen owing to these considerations are: a) frame neck 70mm; b) frame neck 90mm; c) frame goose-neck or swan neck (in various sizes). The two frames with the neck of 70mm and 90mm are essentially alike in the form and sizes, but the former requires a lightly more complex cycle for its manufacture; the frame with a goose-neck is completely different in the form from the first two. The geometrical characteristics of the various frames can be pointed out by examining the plans.
Description of the present layout
The present layout of the Company is shown in Figure 1 . Here, it is possible to observe the various working stations and the intermediate warehouses.
For the description of the material flow it is convenient to consider three phases:
The raw materials arrive at the warehouse from the outside. The preparation of the various profiles of smaller sizes forming the frame is carried out here. The shaping operation of the beams is made on a beam at a time and foresees the use of a special oleodymanic. The shaping operation of the side boards, on the contrary, is carried out by hand and two boards at a time are produced. Each frame needs two beams I shaped, two side boards and some suitable profiles.
Phase 2
This is different for the three products both regarding the equipment used and the operations to be fulfilled. In fact, for the realization of the frame with a goose neck a suitable jig is used: the worker takes the two I beams, the two sideboards and all the necessary profiles and assembles them using the jig through some welding points. The assembling procedure of the frame with the 90 mm neck is similar, except for the different jig used. The sequence of the operations for the realization of the frame with the 70mm neck is different. There is a first phase similar to the previous one, followed by a second phase when the front part of the frame (the neck) is assembled to the part just realized, using the special jig. In case the second jig is not available, the part of the frame made by the first is temporarily placed in the welding area of the frames assembled. At the end of the assembling, the worker takes the frame and places it in the warehouse or at one of the six welding stations if it is available. 
Phase 3
At this moment, one of the workers assigned to the welding and straightening of the frames, takes the frame from the warehouse and places it near one of the welding stations in case this operation was not previously fulfilled. Here the connection is carried out by means of bead welding all the components of the frame and then the straightening of the frame is done. After being straightened, the frame is placed in the warehouse, awaiting the next operations. When one of the four final stationing is available, the frame straightened is collected from the warehouse and placed in it. Here, the four external parts are assembled to the frame and the two trellis to them. Within the posts are placed some sliding rods which allow the trellis to go up and down. The trellis, on the contrary, have guides which allow movement to the device to which the protective shed is connected; thus it is possible to cover and discover the frame in order to load the semitrailer from the top. The assembling of three axles previously prepared, and the installation of the air plant follow. Finally, a series of other components are assembled, (carline plant, four further vertical rods, the back door, the front panel, the crank box etc.) some at the customer's request.
Description of the model
After a careful study of the layout and working phases, a simulation model was created to represent the real situation [13] ; [14] . This was one of the most delicate phases of our work, since a wrong modelling might have barred any chance of drawing right conclusions. In order to obtain a model as real as possible, the coordination with the line workers and foremen of the various departments was necessary [15] ; [16] . In fact, since the production of the plant is artisan type, the suggestions given by the workers are precious. Thus, some meetings took place between workers, plant foremen and managers, in order to outline the most important aspects for the optimization of the process and the less relevant ones, in order to avoid mistakes in the simulation model. A collection of data and observations necessary for the realization of the simulation model was carried out. Exploiting the graphic characteristics of the programme, the layout was "drawn" as the whole of the working stations and warehouses. Then the various parts and operations were defined, stating for the latter ones also the respective durations considered as constant values; afterwards defined were the so called process plans consisting in ordering the various operations according to their succession. Besides, the characteristics of the various intermediate warehouses and the means of transport used for the moving of the parts were defined; finally the workers employed were introduced. As regards the means of transport, different times of loading and unloading were considered according to the materials carried. Instead, the speed of loading and unloading were considered alike and equal to 800m/h. The distances between the various places of the plant were valued according to the method of the "rectangular movement" (that is, the distance between two points is given by the sum of two components measured according to two orthogonal directions; this is due to the nature of the means of transport used -bridge cranes-(that cannot move towards arbitrary directions); neglected were the distances run to vertical direction, since they are not remarkable compared with those run on the ground.
As regards the workers employed, the superfluity of the modelling of the workers assigned to a single operation must be noted, since these operations can be realized, without the worker's presence. As the last phase in the making of the model it was necessary to fix the period within which the simulation was to be fulfilled. As unit of time, we considered an hour, as working day a period of 8 hours, as working week a period of 5 days, as working month 4 weeks. The basic period, therefore, was 160 hours as duration of every single iteration; the whole simulation took place, instead, during the period of 11 months, equal to a working year. Besides, it was necessary to consider a further initial temporary period for the achievement of the running condition of the plant: this period lasts 160 hours. The arrival of the raw materials is not prearranged, but staring it depends on the level of one of the warehouses: particularly the staring of the raw beams. Precisely, every 10 hours a control on the level of this warehouse is effected and, if there are at least two beams, the new material is not allowed to arrive. The arrival of the raw axles is ruled by the same procedure, while the arrivals of the other components are prefixed. One of the most important operations present in the model is the DecKITIniz (Decomposition of the Initial Kit). By KIT the set is meant (2 beams, 2 side boards, 1 set of profiles) necessary for the realization of a frame. Two actions were carried out by the DecKITIniz simultaneously: 1) Decomposition of the kit in its single elements; 2) Choice of the type of frame to be manufactured among the three possible. The first of the two actions was fulfilled considering as the entrance of the operation 5 kits and as output 5 identical sets of the three types of components listed above; the second action, instead, found its execution in the definition of three possible groups as output of the DecKITIniz operation, one for each product, and assigning a certain chance of output to each of them. Therefore, the possibility of choosing which product to produce was left to the programme itself; to the three groups equal chances of output were assigned: 33.3% for the 90mm neck and goose neck, 33.3% for the 70mm neck. This choice was suggested by the fact that the Company works in "Just In Time", therefore it does not have the data regarding the production of the single products in advance; therefore it did not object to this.
Results
When all the necessary data are available and after the reliability of the model hypothesized was verified with the checks on real output, we started the program in order to obtain data on the real situation in the plant. The analysis of the results obtained by the simulation pointed out numerous aspects capable of improvements and various solutions regarding the optimization of the parameters controlled. Particularly, four proposals were considered changing every time the layout of the simulation model and checking output data. Here below are recorded some output data in diagrams and tables concerning some processing departments. As it is possible to see from the figures, various information is available for our analysis; one of the most important is, for example, the total number of frames manufactured (160 units, divided in various ways). See Table 1 , Figure 2 ). Proposal # 1 A first modification in the model was the elimination of two operations: the preparation of the profiles and the making of trellis. The first operation was eliminated since it is effected by the worker who shapes them in another building; the second operation, instead, was eliminated because it was suggested to use trellis of different material and design (profiled in a single piece) without the previous phase of realization which required the assembly of more elements. The results obtained are shown in the following graphs and tables (see Table 2 and Figure 3 ). Comparing the two cases, it is evident that there was no improvement in the total production of the frames, except a different distribution of the types realized. The reason for this is to be found in the working of the four terminal stations. In fact, comparing the data collected during the two experiments, it appears that these stations have not achieved an improvement in their working: over 95% of the total time is employed for the manufacture, while the remaining share is spent for the movement of the parts concerning them. This result is chiefly due to the fact that there is no variation, when the type of frame changes, in the duration of the operations executed; therefore, the result of 160 units realized can be considered a kind of physiological limit of the plant in its present layout. Another particular aspect characterizing both situations is the fact that the six welding stations are in the phase of working only for a fraction of time inferior to 50%; while the percentage of time when they are blocked is high (superior to 50%). Results are shown in Table 3 . 
The reasons for this are: 1) the number of welders is equal to 3 therefore the six welding stations cannot be active at the same time; 2) the store of the welded frames has unit capacity; when such value is reached, it cannot receive more frames, for this reason they remain in the welding station, stopping its activity. The remedies proposal for an increase in the production level can be grouped in two classes: 1) increase in the number of the terminal working stations (with following increase also in the number of workers employed); 2) decrease, where possible, in the duration of some working operations in these stations. See Table 4 . Proposal # 2 On the basis of the results obtained and shown in the above cases, at the beginning three of the six welding stations were eliminated. The area then available was used for two purposes: 1) Constitution of another warehouse of frames welded, indicated as warehouse of welded frames #2; 2) Realization of two tracks with a trolley for the transport of the frames welded from the welding station to the warehouse of frames welded #1. Figure 4 illustrates the layout modified on the basis of the above proposals. So, the problem of the blocking of the working of the welding stations was solved, while with the tracks the transport of the frame welded is remarkably simplified. At present, to fulfill this operation, the aid of two bridgecranes and at least two workers is necessary. In fact, the frame is taken by the first bridgecrane from the welding station and placed in an area between the two corridors limited by the central columns. Here, it is taken at the two ends by 2 bridgecranes, each placed in one of the corridors and carried towards the second corridor; after being placed on the ground, it is lifted by the second bridgecrane and put into the warehouse. Results are shown in Table 5 and Figure 5 . The total duration of the transport operation is about 15-20 minutes; but with the aid of the trolley it can be reduced by 70-80%, as verified by studies simulated by computer. Considering the graphs relative to the 3 welding stations, it is possible to note a remarkable increase in the percentage of time spent in the processing and consequently an increase in the production too; this, in fact, passes from a value of 14.6 units to 16.5 pieces (these values are obtained summing up the average values of the parts made by the welding stations). From the analysis of the diagrams relative to the 4 terminal stations in proposal n°1 and n°2, a decrease in the time passed by the stations waiting for the arrival of the material is noted. This was possible by cutting down the time for the transport of the frame welded from the welding station to the store n°1 (4 minutes time was assumed instead of 15-20 necessary before). See Table 6 . In comparison with such variations, an increase in the level of the finished products is noticed although moderate: from 160 to 164 frames, that is an increase of 2.5%. A further advantage noted is the decrease in the difference between the frames assembled in the jigs and the ones welded; in fact, it goes from an average value of 1.1 unit for each period of time considered in proposal n°1 to a value of 1.6 in proposal n°2. Further problems concern the level of welded frames present in store n°1 due to the saturation of the four terminal stations.
Proposal # 3
This proposal concerns the introduction of the 5th terminal station, in order to face the excessive production of welded frames in comparison with the production of the terminal stations. In order to do this, it was necessary to work out again the layout to introduce the station. In Figure 6 it is possible to see the new layout of the plant. This new shape was necessary so that the fifth station too might carry out its working in the same conditions as the others, that is exploiting the portals (as many as the terminal stations) sliding along the suitable tracks; of course the addition of the fifth station involves also the inclusion of a fifth portal besides another worker. A first result obtainable from the new layout is easily guessed, even if this cannot be inferred from the results of the simulation: a decrease in the number of frames that must be carried from one corridor to another. Examining the figure of the production level, it can be noted, as obviously foreseeable, an increase in the number of frames manufactured: 178 units, 11.25% more compared to the value of 160 frames. There are, however, problems between the assembly jigs and the welding stations, and between these and the terminal stations; in fact, 19.4 frames are made, on an average, by the jigs, the welding stations produce 16.2, while the terminal stations have a production of 16.3 frames. Results are shown in Table 7 and in Figure 7 . 
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Hence it appears that the welding stations should increase their production in order to avoid an excessive increase in the frames assembled and a sub utilization of the five terminal stations: these, in fact, spend 22,3% of the total time of the simulation being idle and 55.1% awaiting the arrival of the material existing in the plant. See Table 8 . Observing that the 3 welding stations spend a total of 23.8% of time waiting for the worker (engaged in the second phase of the welding of the frame with the 70mm neck) a different distribution of the workers' duties were effected. Particularly, team n°2 was assigned to the above said phase, taking this off from the welders' duties (team n°3); this constitutes proposal n°4.
Proposal # 4
In this case, the hypothesis of layout described in proposal n°3 was not modified, but only the distribution of duties among the workers.
The new situation regarding the distribution of the workers' duties is illustrated in Table 9 . From the results of the simulation it is evident that the production level is 172 frames with an increase of 7.5% compared to the starting production, but a decrease of 3.4% compared to the result obtained by proposal n°3. Also in this case there is a sub utilization of the 5 terminal stations (62.3% in idle state, 24.7% waiting for the material), but in return there are no remarkable differences between the average productive levels of the assembly jigs (15.4 units), the welding stations (15.6 units) and the terminal stations (15.7 units).
From such values (increasing towards the terminal stations) the high values of the percentage of time spent both by the terminal stations and the welding stations (49.1%) standing, and low values of assembled frames and assembled frames stored seemed to be understandable. See Table 10 and Figure 8 . Figure 8 . New lay-out
Conclusion
Finally we can say that the solutions examined are interesting and technically significant, since each focused on the optimization of the productive and managerial parameters examined together with the business management. However only two proposals, emerging from the simulation, are interesting in regards to the real situation of the factory. They are the 3 rd and 4 th . These solutions do not offer the same results at a parity of production output. In detail, the fourth solution fits the demand on the market as well as defined by the planning or the demand and the real present market; while the 3 rd solution is better in the case of a higher demand for finished products. Considering that both solutions involve an overhaul of the layout of the system compared to its present condition, it is obvious that every plan of internal rebuilding, even if opportune, must be preceded by a careful market research projected into the future and proportioned to the company's economic possibilities. At this point only these two proposals can be the object of a definitive preferential choice.
